Purpose: We conducted this study to compare the occurrence and prognostic significance of early postoperative interictal epileptiform discharges (IEDs) on seizure outcomes between corticoamygdalohippocampectomy (CAH) and selective amygdalohippocampectomy (SAH). Methods: We reviewed our database of patients who had epilepsy surgery with hippocampus atrophy or signal changes on brain MRIs and pathology of mesial temporal sclerosis. One hundred and seventyseven CAH and 39 SAH patients were enrolled. Postoperative EEG within 30 days, other preoperative variables and seizure outcome 2 years after surgery were obtained for analysis. Engel's IA and IB were defined as seizure-free. Results: There was no significant difference in the seizure-free rate between the two procedures (127 (71.8%) of CAH vs 30 (76.9%) of SAH, p = 0.51). Postoperative IEDs were more frequently seen in the SAH group (64.1%) than in the CAH group (29.9%), p < 0.001. The IEDs in the SAH group did not show correlation with the seizure outcome 2 years after surgery. In the CAH group, patients who had no postoperative IEDs showed a higher seizure-free rate compared to those with IEDs (78.2% vs 56.6%, p = 0.003; OR 2.267, 95% CI 1.09-4.73, p = 0.029 in multivariate logistic regression). Conclusions: Early postoperative IEDs are more frequently seen in SAH than in CAH. Unlike in patients with CAH, the presence of IEDs after SAH was not a predictor of seizure recurrence. The type of surgery should be considered while utilizing postoperative IEDs for evaluating the prognosis.
Introduction
Drug resistant temporal lobe epilepsy can have a negative impact on people with epilepsy, including low quality of life, neurocognitive decline and increased risk of sudden unexpected death [1] . Cases that can be remediated by surgery could benefit more from surgery than remaining medical treatment [2] . Corticoamygdalohippocampectomy (CAH) is an effective treatment for patients with medically intractable medial temporal lobe lobectomy (MTLE) [2] [3] [4] . However, one third of CAH patients suffer from postoperative memory decline and a visual field defect is inevitable [5, 6] . Selective amygdalohippocampectomy (SAH) was then developed to preserve the temporal neocortex with the possibility of less postoperative memory impairment and fewer visual field defects [7] . It could achieve comparable seizure freedom to CAH [8, 9] . The reasons why a smaller resection could also produce seizure freedom are not well understood.
Interictal epileptiform discharges are usually regarded as a marker of a propensity to seizures. Postoperative spikes in CAH have been shown to be a significant prognostic factor for seizure recurrence [10] [11] [12] [13] [14] [15] . Some reports showed that the postoperative spikes were frequently seen in SAH and had no significant relationship with postoperative seizure outcomes [16, 17] . The different occurrence of spikes between these two procedures has seldom been investigated. We conducted this study to see if the occurrence of early postoperative spikes and its prognostic value after SAH are the same as those after CAH. Therefore, we can improve the assessment of postoperative seizure outcome by means of useful predictors.
Materials and methods

Patients
Patient records from a database of 424 adult patients who had undergone epilepsy surgery for MTLE at Taipei Veterans General Hospital between August 1987 and June 2017 were reviewed. Patients who had tumors, cortical dysplasia or vascular lesions in the temporal lobes were excluded. In this study, we only enrolled patients with the following characteristics: (1) hippocampus atrophy or signal changes on brain MRI (2) pathological diagnoses that showed gliosis or typical mesial temporal sclerosis (MTS) (3) postoperative electroencephalography (EEG) within 30 days after surgery, and (4) postoperative follow-up for at least 2 years. This study was approved by the institutional review board of Taipei Veterans General Hospital.
Pre-surgical evaluation and the pre-surgical variables for analysis
Our pre-surgical evaluation included the following: long-term video-electroencephalography telemetry (video-EEG), brain magnetic resonance imaging (MRI), magnetic resonance spectroscopy, interictal and postictal single-photon emission computed tomography, fluoro-D-glucose positron emission tomography, psychiatric consultation, neuropsychological evaluation and Wada testing.
The study results were discussed at a multidisciplinary seizure conference and the side and type of surgery were determined for each case. Age at seizure onset, duration of epilepsy, age at surgery, history of febrile seizure, frequency of preoperative secondary GTCS and preoperative full-scale IQ were obtained from the chart review. According to the video-EEG recordings, IEDs were categorized as unifocal or non-unifocal. The interictal EEG was sampled for a two-minute duration every 30 min during the video-EEG recording. Frequent GTCS in this study was arbitrarily defined as more than two GTCS per month averaged over the three years prior to surgery.
Surgical procedures and postoperative follow-up
We only performed CAH for patients with MTLE with hippocampal atrophy on brain MRI for a time span of 23 years. The extent of resection of the lateral temporal neocortex varied from 4.5 cm (dominant hemisphere) to 5.5 cm (nondominant hemisphere), as measured from the temporal tip along the middle temporal gyrus. Amygdalohippocampectomy was later performed under the microscope. Selective amygdalohippocampectomy using the transylvian approach [7] was started in our surgical program in May 2010. Patients in this study also had an early postoperative routine scalp EEG recording within 30 days after surgery. IEDs were defined as the presence of spikes or sharps. The EEG recording was described in a previous study [10] .
Patients were asked to follow-up regularly at our epilepsy clinic. For the few patients who preferred to be followed-up by their referring doctors, seizure outcomes were confirmed by telephone interviews every 3 months after surgery. Most of the patients were asked to continue their AEDs for at least 2 years and discontinue AEDs gradually after 2 years of seizure freedom. From our database, patients who had AED tapering or withdrawal within 2 years after surgery were noted to be 25 (11.6%). We arbitrarily categorized patients as seizure-free (Engel's IA and IB) and non-seizure-free (IC-IVB) [18] .
Statistical analysis
Mann-Whitney t test, x 2 and Fishers' exact tests were used where appropriate for statistical analysis. Potential variables for seizure-free and non-seizure-free categories were analyzed by using aforementioned analysis and Cox proportional hazards models.
For the multivariate logistic regression and Cox proportional hazards regression, variables with significance at the 0.1 level in preliminary univariate analyses were submitted to the multivariate regression models with the backward stepwise method. A p value less than 0.05 was considered to be significant in this study.
Results
There were 269 patients who had undergone CAH or SAH for MTLE with hippocampal sclerosis. Among these patients, 216 had hippocampal atrophy on brain MRI, complete preoperative data, early postoperative EEG and at least 2 years of follow-up after surgery. One hundred and seventy-seven patients had CAH and 39 had SAH. The clinical characteristics are shown in Table 1 . There was no significant difference in the seizure-related characteristics between the two different surgery groups. However, the age of surgery in the SAH group was significantly older than that of CAH group and the percentage of febrile seizure history was greater in the CAH than in SAH group.
Seizure outcomes
Among the 216 cases, 157 (72.7%) remained seizure-free 2 years after surgery. There was no significant difference in the seizurefree rate between two procedures (127 (71.8%) of CAH vs 30 (76.9%) of SAH, p = 0.51). Preoperative FSIQs were higher in the seizure-free group compared to the non-seizure-free group (88.3 AE 14.7 vs 80.7 AE 17.0, p = 0.003). A high preoperative GTCS frequency was also associated with poor outcomes (56.2% seizure-free for more than 2 GTCS/year and 79.6% seizure-free for less than 2 GTCS/year, p = 0.001). Gender, age of onset, age of surgery, duration of epilepsy, side of surgery, unifocal IEDs, and history of CNS infection, febrile seizures and head injury were not significantly related to the seizure outcomes in this cohort.
Postoperative spikes within 1 month after surgery
Postoperative EEG were examined 3-29 days after surgery. The timing of EEG examination between those with IEDs and those without IEDs showed no difference (10.69 days vs 10.36 days, p = 0.60). Early postoperative spikes were seen in 25 patients of the SAH group (64.1%) and in 53 patients of the CAH group (29.9%), p < 0.001.
The locations of the residual spikes are shown in Table 2 . Most of the spikes were within the temporal region of the operation side. Thirty-seven (69.8%) of the spikes in the CAH group and 23 (92.0%) of the spikes in the SAH group were limited to the ipsilateral temporal lobe, p = 0.03.
Postoperative spikes and seizure outcomes
The early postoperative spikes in the SAH group did not showed correlation with the seizure outcomes 2 years after surgery. In the CAH group, patients who had postoperative spikes showed a higher recurrent rate compared to those without spikes (Table 3) . When significant outcome predictors such as higher baseline FSIQ and frequency of preoperative GTCS were analyzed together with multivariate logistic regression analysis, the postoperative IEDs were still an independent factor for seizure outcome at two years (OR 2.267, 95% CI 1.09-4.73, p = 0.029). In Cox proportional hazards regression analysis, early postoperative IEDs in the CAH remained a predictors after adjusting the FSIQ (HR = 1.62, 95% CI 1.04-2.52, p = 0.031). For SAH, postoperative IEDs did not show significant association with seizure recurrence using Cox proportional hazards regression analysis. Furthermore, patients in the CAH group with postoperative spikes in the resected temporal region had a higher but not significant seizure-free rate compared to those with spikes elsewhere (24 (64.9%) vs 6 (37.5%), p = 0.065).
Discussion
Surgery outcomes
In this study, the seizure-free rate 2 years after surgery seems slightly better in SAH than in CAH (76.9% vs 71.8%) but this difference was not statistically significant. Two recent metaanalysis reviews showed slightly better seizure outcome in the CAH group than the SAH for patients with hippocampal sclerosis (seizure freedom: 67.2% and 66% for SAH 72.7% and 71% for CAH) [19, 20] . However, newly published data after these 2 reviews showed no significant difference in seizure outcomes between these two procedures [21] [22] [23] . Compared to the pooled data, the seizure-free rate after SAH in our study was higher. The SAH was done in the recent 5 years with the privilege of improvement in neuroimaging, increased utilization of complimentary imaging approaches such as PET, SPECT, MEG, change in neurosurgeons/ neurologists with greater experience over time, and a new compliment of medications available in more recent years. In addition, the patients who underwent SAH in our program are highly selected. We excluded those with a broad hypometabolism in the neocortical region on PET despite normal lateral temporal cortex or extratempral cortex on brain MRI. Therefore, patients who have both MTS and subtle focal cortical dysplasia might be excluded by our SAH selection criteria [24] . MTS associated with focal cortical dysplasia has worse seizure outcomes compared to isolated MTS after surgery [25] . In selecting cases of MTS for SAH, the pattern of PET could be a good indicator to improve the postoperative seizure outcomes.
Early spikes after surgery
Scalp IEDs have been shown to correlate well with seizureonset zones and provide valuable localization information in presurgical evaluation for drug resistant epilepsy [26] . This finding does not mean that the cortical substrate that produced the scalpvisible potential is the epileptogenic region. Simultaneous intracranial and scalp EEG recordings demonstrated that scalpvisible IEDs in TLE need both sufficient cortical source area and synchrony in the neocortex [27] . Hippocampal spikes, even in high amplitudes, are usually not visible in scalp EEG. The different occurrences of spikes between two surgery procedures provide us information to understand the IED generation in MTLE. Residual spikes in SAH are commonly seen [17, 28] . In our studies, the removed hippocampus is certainly not associated with the genesis of the cortical source of scalp-visible IEDs. Residual neocortices after CAH are certainly fewer than those after SAH, resulting in a lower chance to produce scalp-recordable IEDs. This explains the lower percentage of postoperative IEDs in CAH than in SAH. The IED brain substrate is not pivotal in epileptogenesis but it is associated with the hippocampal epileptogenesis. Gröpple et al. observed progressive decreases in both the incidence of spikes and the median spike frequency over the first 2 postoperative years in patients who underwent SAH [28] . Table 2 The location of the residual spikes in CAH (n = 53) and SAH (n = 25). Ipsilateral T  35  23  Contralateral T  2  0  Ipsilateral F  7  1  Ipsilateral TP  3  0  Bilateral T  6  1 T: temporal, F: frontal, TP: temporo-parietal. 
CAH SAH Location
Postoperative spikes and seizure outcomes
The predictive value of postoperative spikes is controversial. Most previous studies that investigated the postoperative EEG after temporal lobe epilepsy surgery with respect to seizure outcomes [10] [11] [12] 14, 15, [29] [30] [31] showed that postoperative IEDs are associated with seizure recurrence. However, in other studies, there was no significant relationship between seizure outcomes and postoperative EEG findings [17, 28, [32] [33] [34] . The differences in the patient populations studied, surgical procedures, timing of EEG examination after surgery and the timing of seizure outcome assessment could explain the discrepancy. In our study, the postoperative IEDs were related to postoperative seizure outcomes in CAH but not in SAH.
Two previous studies of seizure outcomes after SAH also showed no correlation with the presence of postoperative IEDs [17, 28] . Cendes et al. noticed that increased neocortical spiking after SAH was common and not related to postoperative seizure outcomes [17] . Gröpple et al. demonstrated that postoperative spikes had no implications on surgical outcome. Two recent intraoperative electrocorticography studies also showed that postresection spikes in the neocortex are common and not related to the postoperative seizures outcomes in SAH [35, 36] . In our study, we compared the occurrence and significance of spikes between CAH and SAH in one single center, excluding those without hippocampal abnormality on MRI, which reduced the heterogeneity seen when meta-analyzing data among different centers.
The relationship between the IEDs and the propensity for seizure is ambiguous. Animal studies have demonstrated that increased EEG spikes after status epilepticus or in febrile seizure models are associated with the development of epileptic seizures [37, 38] . However, there have been in vitro animal models that have indicated that interictal spiking may interfere with the occurrence of ictal discharges [39, 40] .
In some clinical settings, the IEDs are more easily seen in patients who developed epileptic seizures than in those who did not. For example, among patients who had surgery for intracranial aneurysm and acoustic neuroma, the number of spikes and sharp components was substantially greater in the tracings from patients who developed epilepsy than from those who did not [41] . IEDs have also been associated with a recurrence risk of 58% after a first unprovoked seizure [42] . In contrast, there were reports showing that IEDs are unchanged or even reduced prior to seizures [39, 43] . Two recent long-term monitoring studies also showed that IEDs rates decreased when seizures are approaching, suggesting that spikes inhibit seizures [44, 45] . The conflicting reports regarding the interaction between epileptic spikes and seizures indicates a complex relationship. The significance of IEDs in predicting seizures occurrence thus varies among different clinical settings, as the data showed in this study.
Limitation
There were several limitations of this study. The sample size of SAH is relatively smaller compared to that of CAH. Because this is a retrospective study, the majority of patients with MTS underwent CAH. The surgery number for MTS has decreased in past 10 years [46] . An extended period of time will be required to conduct a prospective, randomized study comparing these 2 procedures for MTS. In addition, there was no consecutive long-term EEG followup to determine if postoperative IEDs resolved over time. In fact, a portion of the patients had repeated EEG at various time points after surgery but not in a consistent prospective schedule, which resulted in inadequate data for further analysis.
Conclusion
Early postoperative IEDs are more frequently seen in SAH than in CAH. The significance of postoperative IEDs in predicting seizure recurrence also differs between these 2 surgical procedures. When evaluating the prognosis and planning future AED withdrawal regarding the postoperative IEDs, the type of surgery should be considered.
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